We present the case of an adolescent who presented with rhabdomyolysis due to severe hypokalemia arising from chronic diarrhea. Initial evaluation for celiac disease, known to present in this manner, was negative. Further evaluation with colonoscopy showed a normal appearing colon but biopsies showed a significant number of apoptotic cells in the mucosal crypts supporting a diagnosis of apoptotic colitis. Investigation into the cause of apoptotic colitis resulted in a diagnosis of common variable immune deficiency due to a defect in the inducible T-cell costimulator (ICOS) gene. Physicians should be aware of this uncommon condition and the importance of mucosal biopsy despite the presence of normal appearing mucosa.
Introduction
The patient described herein exemplifies the complex manner in which immunodeficiency states can present, pointing out the need for persistence and diligence in order to secure the correct diagnosis. Initial presentation of hypokalemia-induced rhabdomyolysis in an adolescent with chronic diarrhea, stunted growth, and weight loss prompted evaluation for an intestinal cause of the findings, in particular celiac disease. When the initial evaluation failed to secure a diagnosis, further investigation employing colonoscopy discovered the rare finding of apoptotic colitis. Causes of apoptotic colitis are few, providing a narrowed differential diagnosis from which the final diagnosis of CVID was made. Below is a detailed description of the evaluation of the patient, presented to point out the interplay of the various uncommon clinical features and laboratory findings seen in this case. Also, we offer a review of apoptotic colitis, a rare finding in children. Finally, a brief review of the diagnosis of CVID is presented.
Case Report
A 14-year-old white male presented to his local emergency department with fatigue, diffuse muscle pain, and severe weakness. The patient reported a life-long history of diarrhea, typically occurring twice per day, described as loose to watery in consistency, without blood or mucus. He denied abdominal pain, anal pain, nausea, vomiting, and nocturnal stooling. He reported a long history of poor growth, exacerbated by a recent ten pound weight loss. Past medical history was significant for repeated skin infections requiring oral antibiotics and incision and drainage; pneumonia twice; sinus infections (2 -3/year); and recurrent otitis media as an infant requiring placement of pressure equalizer tubes. Family history was positive for peptic disease and negative for celiac disease, inflammatory bowel disease, and malabsorption disorders. Examination showed a weight of 38.7 kg (< 5 th %ile), height of 156 cm (10 th %ile), and body mass index of 15.9 kg/M 2 (<5 th %ile). There was no scleral icterus. His heart and lung examinations were normal. His abdomen was soft, non-tender, without hepatosplenomegaly or masses. He had a diffuse psoriatic rash involving his scalp, trunk, and extremities. Mild digital clubbing was noted. Perianal examination showed no fissures, fistulae, or skin tags. Rectal examination showed normal position and tone with liquid, occult-blood negative stool in the vault. Laboratory evaluation was significant for severe hypokalemia (K + = 1.9 mmol/L, nl = 3.5 -5.2) necessitating hospitalization for correction with intravenous fluids and potassium administration. Upon discharge from the hospital he was referred to gastroenterology for concerns of celiac disease due to poor nutrition, long-standing diarrhea, and hypokalemia.
The patient was seen in clinic where serum immunoglobulin (Ig) A and anti-tissue transglutaminase (TTG) IgA were obtained. The TTG-IgA was normal (<4 U/L), however, the serum IgA was low (17 mg/dl, normal = 70 -400) making the results of the TGG-IgA unreliable. He returned for diagnostic esophagogastrodoudenoscopy (EGD) one week later, at which time he was again experiencing fatigue, weakness, and muscle pain. Laboratory evaluation showed hypolkalemia (1.6 mmol/L, nl = 3.5 -5.1), hypocalcemia (6.9 mg/dl, nl = 9.4 -10.2), mild transaminitis (alanine aminotransferase (ALT) = 63 U/L, nl = 0 -40; aspartate aminotransferase level (AST) = 46 U/L, nl = 0 -39), elevated creatinine kinase (1979 U/L, nl = 38 -174), normal albumin (4.4 g/dl, nl = 3.5 -5.1), and normal magnesium (1.6 mEq/l, nl = 1.3 -2.0). EGD showed chronic gastritis and mild duodenitis, but no histological evidence for celiac disease. He was admitted for treatment of the electrolyte disorder. As the electrolytes corrected the serum creatinine kinase also normalized and he experienced improvement in his all symptoms, except for diarrhea. Colonoscopy was performed to evaluate for colitis as an etiology of the persistent diarrhea. The colonic mucosa was visually normal in appearance (Figure 1) . Biopsies revealed no inflammation or crypt distortion, but did show an increased number of apoptotic cells within the mucosal crypts (Figure 2 ) from the transverse colon to the rectum, consistent with a diagnosis of apoptotic colitis.
The differential diagnosis for apoptotic colitis is limited, including drug-related colonopathy, graft-versushost disease (GVHD), and immunodeficiency disorders, including human immunodeficiency virus (HIV) infection. The patient had a past history of recurrent infections and was shown to have low IgA levels as part of the initial evaluation for celiac disease, so an immunodeficiency evaluation was initiated. The findings of the immune work up are found in Table 1 . The patient was diagnosed with common variable immunodeficiency (CVID). Genetic testing was done for the common underlying defects including transmembrane activator, calcium-modulator, and cycophilin ligand interactor (TACI), B-cell activating factor receptor (BAFF-R), and inducible T-cell costimulatory (ICOS); he was found to have ICOS deficiency. Treatment was initiated with monthly immunoglobulin replacement (Gamunex ® 10%). He continued to have ongoing intermittent bouts of weakness due to hypokalemia despite oral replacement therapy prompting evaluation for other potential causes. Evaluation for renal loss of electrolytes was normal. Hypokalemia periodic paralysis was ruled out by normal sequencing of the commonly involved genes (CACNL1A3 gene and SCN4A gene). Repeat colonoscopy was performed 9 months after initiation of immunoglobulin therapy again revealed normal appearing mucosa but persistence of apoptosis. He continued to have loose stools and intermittent bouts of hypokalemia, but both had improved significantly. The patient also had marked improvement in his psoriatic skin lesions.
Discussion
At initial presentation to our institution, the patient was noted to have severe hypokalemia and rhabdomyolysis. Rhabdomyolysis may result from a wide variety of causes, including primary muscle disease (metabolic and muscular dystrophy), infection, trauma, connective tissue disease, strenuous exercise, drug overdose, drug reaction, seizures, ischemia, and electrolyte derangements [1] . Electrolyte abnormalities associated with rhabdomyolysis include hypokalemia, hypocalcemia, hypophosphatemia, hyponatremia, hypernatremia, of which hypokalemia is the most common, accounting for 14% -28% of cases of rhabdomyolysis due to electrolyte abnormalities [2] . However, hypokalemia may go unrecognized as the cause of rhabdomyolysis due to the release of potassium from damaged muscle into the circulation [3] . Conversely, subclinical rhabdomyolysis may be missed; biochemical evidence of rhabdomyolysis was documented in 32% of hypokalemic patients in one study [4] . As exemplified in our patient, hypokalemia can result secondary to potassium loss in the stool due to diarrhea. The chronic nature of our patient's complaints of diarrhea, stunted growth, and weight loss prompted an evaluation for celiac disease, as hypokalemic myopathy is a rarely reported complication of celiac disease [2] [5] [6] . Screening serology was not useful, as the patient was deficient for immunoglobulin A (IgA), which occurs in about 2% of individuals with celiac disease [7] . Subsequent endoscopy documented normal duodenal histology, excluding celiac disease. As the initial suspicion for celiac disease was excluded by upper endoscopy, colonoscopy was performed to assess for colonic causes of persistent diarrhea. Although the colon appeared grossly normal, biopsies showed a significant number of apoptotic cells in the colonic mucosa, extending from the transverse colon to the rectum. The finding of small numbers of apoptotic cells in normal colonic mucosa is expected as "physiological" apoptosis results in loss of senescent colonocytes without release of inflammatory cytokines. Apoptotic cells can also be seen as nuclear dust within the lamina propria of the colon, being more commonly found in patients with colitis (84%) than patients with normal colons (11%) [8] . Colitis due to Crohn's disease and ulcerative colitis is associated with an increased apoptotic rate, while lymphocytic colitis has apoptotic rates similar to that of normal colon [9] . Although apoptosis related to normal cell turnover does not alter epithelial barrier, apoptosis due to inflammation does lead to epithelial dysfunction. The proinflammatory cytokines tumor necrosis factor-α (TNFα) and interleukin (IL)-13 increase the apoptotic rate and increase apoptotic conductivity, compared to physiologic apoptosis. The increased conductance leads to a loss of electrolytes and water into the intestinal lu-men resulting in diarrhea [9] .
The differential diagnosis for apoptotic colitis includes GVHD, HIV infection, drug-induced colonopathy, and immunodeficiency syndromes. In our patient GVHD was excluded by history and HIV infection was excluded by serological testing. Medications associated with apoptotic colitis include proton-pump inhibitors, non-steroidal anti-inflammatory drugs, and the immunosuppressant mycophenolate mofetil [10] [11] . Apoptotic colitis accounts for 2% of drug-related colitides, often mimicking GVHD [11] . The patient described herein was receiving no medications prior to onset of symptoms, ruling out a drug-related process. Subsequent testing showed that the patient had common variable immunodeficiency (CVID) due to a defect in inducible costimulator (ICOS).
Clinical presentation of CVID is heterogenous, gastrointestinal manifestations include sprue-like syndrome, intestinal nodular lymphoid hyperplasia, colitis, small bowel lymphoma, gastric atrophy, and achlorhydria. Similarly, the histological findings of the gastrointestinal tract in CVID are highly variable; the findings may mimic inflammatory bowel disease, granulomatous inflammation, GVHD, lymphocytic colitis, collangenous colitis, and apoptotic colitis [12] . In a small study addressing gastrointestinal pathology in patients with CVID, significant apoptotis was found in the colons of 50% of the patients. Smaller percentage of patients had apoptosis in the stomach (33%), small intestine (20%), and esophagus (5%) [12] .
CVID is defined by a decrease in serum IgG and at least one other immunoglobulin isotype (usually IgA or IgM), functional defect in IgG response to immunizations, reduced numbers of memory B-cells, onset > 2 year of age, and exclusion of other causes of hypogammaglobulinemia [13] [14] . CVID is the second most common primary immunodeficiency, having a prevalence rate of 1:25,000; specific IgA deficiency is the most common, having a prevalence rate of 1:600. The age of onset of CVID has two major peaks, childhood (5 to 10 years) and early adulthood (20 to 30 years) [14] - [17] .
Most cases of CVID are sporadic, with only 10% -20% having a positive family history [18] . CVID can arise from a number of different gene defects. Defects in TACI are inherited in an autosomal dominant fashion and account for less than 10% -15% of individuals with CVID. Autosomal recessive defects include CD19 deficiency, BAFF-R deficiency, and ICOS deficiency; each account for <1% of individuals with CVID [19] .
The ICOS belongs to the family of costimulatory T cell molecules, which also includes CD28 and cytotoxic T-lymphocyte antigen-4. ICOS is only expressed on activated T cells where it co-induces the secretion of cytokines (IL-4, IL-5, IL-6, GM-CSF, TNF-α, and IFN-γ) and the superinduction of IL-10. IL-10 is a key cytokine for antibody production and germinal center B-cell survival [20] . Highest expression of ICOS is found within the T cell zones of secondary lymphoid organs and in the apical light zones of germinal centers. This expression pattern and the cytokines induced by ICOS point to an important role of ICOS:ICOS-ligand interaction in mediating T-B cell cooperation and promoting the terminal differentiation of B cells into memory cells and plasma cells [21] [22].
Conclusion
In conclusion, we present a young man who presented with hypokalemic-induced rhabdomyolysis resulting from potassium loss from chronic diarrhea. Investigation led to a diagnosis of apoptotic colitis, an uncommon cause of colitis with a limited differential diagnosis. The etiology of apoptotic colitis in this young man was CVID. Physicians should be aware of this rare association, and consider evaluation for immune deficiency when apoptotic colitis is identified at colonoscopy.
